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SUMMARY

Subject. This report covers englneering tests conducted on an
experimental 42-inch ammonia procesc printer-developer gencrally con-
forming to militery characteristics established by the project. This
particular machine was developed to fill what wore, at the time of
the initiation of this project, the following needs:

1. To provide an improved nachine to replace the Ozalid Model
E in Engineer Set No., 710-010. The Model E was no longer avullable
comercially.

2. To provide a means for experimental testing and further
developing under the same project of materials and procecses iror
photo reproduction by the ammonia process.

3. It was expected that the new machine might also mrovide en
interinm means to {ield units Il'or making dlazotype prints in quantity
1f such a requirement developed.

The investigation covered by this report is limited to the
experimentel machine and its functioning; neither the ammonia pro-
cess nor the dlazotype sensitized raterials wore under test.

Investigation. An experimental ammonia process printer-
developer was mrocured, inspected and subjected to tests of the
functioning of 1ts components and to production tests involving the
reproduction of line-work, and of continuous-tone transparencles,
both cut and roll. Oper=ztional and functional deficiencles of the
mchine were noted, and provisions were rmede to correct them.

Conclusions. The report concludes that:

1. With the modifications accomplished and those recomronded
under par. 1>, the machine is a satisfactory replacement for pre-
gent standard equipment used for the production of line-work prints,
where the quantity of work necessitates the use of a high opeed
production machine,

2. The rachine is saticfactory for the production of con-
tinuous-tone prints from cut sheet and aericl roll iilu, as an
auxiliery feature to the line-wark reproduction,

3. By reason of its width, this machine is not suitable for
the exclusive production of continuous-tone photozraphlc prints in
rollo.

4, The machine is sultable for standardization asc a Class IV
iten of 1ssue.




5. Further investigation and developrent is necessary to
provide armonia pmrocess equipment sultable {or the exclusive pro-
duction of continuous-tone mrints from aerial roll films,

Rocormendations. The report recommends that:

1. The experimental ammonia process printer-developer, modi-
fied as noted in par. 1., be classified as adopted t;pe, standard
type, and as a Class IV item of issue.

2, Project 8-35-09-005 be modified to cover the developrent
of a speclal amnonia process printer-developer suitable for the

exclusive production of contlinuous-tone prints irom aerial roll
Tilus,




NOTE

This report, including illustrations, was produced on the ERDL
experimental printer-developer utilizing esently available commercial
amnonia process materials. The text, Figures 5, 10, and 11, and all
tables were produced on Ozalid Blue-line Paper, 205 S from Ozatran
originals, Figures 3 and 9 were made on the blue-line paper using
photo-mechanical film positives contact printed from the original line
negatives, Figures 1, 2, 4, 6, 7, and 8 were made on Ozalid Sepla Dry-
Photo Paper, 404 D, from commercial type film positives which were con-
tact printed from the original negatives.




FINAL REPQORT

HUGINEERIIG TESTS QF EXPERIMENTAL AMMOLIA CROCESS
PRINTER DEVELOER

I. ZINTRODUCTION

1. Sublect. This report covers encineerin: tests conducwed
on an experimwutal 42-inch armonia processl wrinter-developer
generall; conlorming to militery characteristica esteblished by the
project. Tids particular machine was developed to fill what were,
at the tiwe of the lnltiation of this mrolect, the following needs:

a. To provide an improved racuine to replace the Ozalid
Model = in Engineer Set No., 710-010. The Model E wau no longer
avallabvle cormerciall;.

b. To provide a means for experimental testing and
further developing undor the same project ol mmterials and processec
for photo remroduction by tlie ammonia mprocess.

¢c. It was expected that the new rachine mlight also pro-
vide en interim means to {ield units for making dlazol:pe prints
in quantity if such a requirement develoyed.

The investigation covered by tlils report is limited
to the experimental machine and 1ts functloning; neither the armnia
procese nor the dlazotype cemsitized materlals were under test.

2. Authority. The authority for this work is contained in
Project 8-35-09-005, Reproduction Equipment, Armonia Process.- A
copy of the mroject card (RDB Form 1A) 1s conteined in Appendix A.

3, Pergonnel. The engineering tests were conducted by Johu
E, Kelly, mroject engilneer, under the supervision of W, W, Davis,
Chief, Reproduction Studies Section, Robert E. Rossell, Chiei, Photo-
14 tho Branch, and William C, Cude, Chief, Topographic Engineering
Department, IRDL, ¥ort Belvoir, Virginia,

1. Sec Appendix B for definitlon of terrs used in connection with
armonia procecs,

2, The following roparts cover work also authorized under this
project:

ERDL Report 1109, Interim Report, Lisht-Senulilve Diazotype
Paggrs for Tropical Use, C April 194¢,

ERDL Report 1122, Jensitizers for the rroduction, by tlic Diazo-
Ammonla Process, of hon-rhotorraphic Blue-dne Draitim: Boards,

o May 1949,
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L., Background. Because of the ever incroasing importance of
aerial photography, rdlitary planning has had to investigate ways
end means of providing large gquantiities oi photographs qudckly.
Under combat conditions in World Wear II, it was found that aerial
photography, to be of meximunm value, had to be remroduced and readied
for use within a few hours. (An AFF Board No. 2 Report 1400, Photo
Reprodyction Methods and Equipment, 3 February 1950, estimated that
90,000 photographic prints per army per day would be required.)
Yregsent methods for quantity moductlion oi continuous-tone photo-
graphic mrints, end the methods employed during World Wur II, are
confined in mogt casea to the use of the conventlonal cillver lallde
photographic process, If this method 1s used in a future emergency,
1t means {iat a treuwendous amount of photographic processing equip-
ment must be omployed together with sizeble gquantiiles of men and
meterlal. It wes necessary, therefore, to find a sinpler, more
rapld procesa capeble of cuantity production with less rmnpower and
wlth equipront of leus slze and weight. The ammonia process is onc
that shows promise of meetling these objectives. A description of
the asxmonia process and its comparison with the cilver halide pro-
cess 13 contained in Appendix C.

II. IHVESTIGATION

5. freldmnary Investigation. Research was initiated to
develop an ammonia process rmchine which would be capable of quantity
roproduction of line drawlngs and continuous-tone photocraphua. Re-
gqulrements were drawn up for an experimental amionla process printer-
developer to meet the military characteristics. This machine wag

ocured under development contract W-ii-009 eng-50%, for the oum of
16,500, from Ozalid, Division of General Aniline and Film Corpora-
tion, Johngon City, Hlew York, and was delivered to the ERDL on 23
March 1943.

6. Description. The experimental model, its various gsectiong,
end ite 3pecial attachments are describved in the Tollowing sub-

paragraphs i

a. Genoral, The mechine, a self-contained, autormtiic,
reproduction unit capeble of exposing and developing armonia pro-
cess mterials up to 42 inches wide, 1o 73 inches in widti, | l;’g
inches in height, 47 inches in depth, and wei u:tc 1835 pounds
(Figs. 1 and 2). The machine 1s operated from a 110-120 volt, a-c,
60-cycle, single-phase power supply. It iu permenently mounted on
rotating castors, and is equipped with leveling bolts and anchor-
boll platesc Ior gend -pernent installation. When the latier t:7o
of Inetellaticn 1s used, i machlne, including casterc, 1s relued
oix Lhe floor and leveled Ty adjusting the leveling bolts, For
tliis purpose, a spirit levcl 1s located in the center oi the fecd-
board, parallol with the iance of the mechine. The mein frameworl:
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Fig, 2. Front and left side of experimental model ammonia process
printer-developer. Supply and reqind spools are for rolls of
sensitized material, film, and processed prints.
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of the macliine consists of a rectangular base, four cormer post up-
rights, and a rectangular top frame all of which are stiffened by
the use of fabricated aluminum angle and plate construction. The
rotating components, such as rollers and glass cylinder, plus the
fixed corponents such es tanks and metal guldes, are supported and./or
comnected to end plates which open the corner post upriglitc at each
end of the rachine. The framework is enclosed by easily romovable
shieet metal doors or panels. Ind sections extend from the [ramewarl
forming end cablnets where access for meintenance and adjustment 1o
zained to bearings, sprockets, chain drives, belt tension adjustrent
gcrews, alr duct tubes, electrical terrdinals, ammonia feed, and
amonia tank., Space iy avallable 1in the end cabinets 1ror tools,
spare parts, greace, oll, aumonia waste cen, and attachments. & G-
inch dlawster flexible tube is attached at the rear of the rrchine
for carrying away the exhaust heat and armonia ITumes.

b. Stand Sectiop. The stand section of the mmchine in-
clides the base and that portion of the iframe below the level ol
the Teedboard and louses the drive unit, blower unit, and electrical
components, The drive unit consiste of a General Electric Junior
Ti;motrol electronic control, anode transiorrer, and l/8-hp, d-c,
geer -in-head motor. This unit drives the rollers and feed belts
of both printer and devolopor sections at apeeds ranging from 0.06
to 30 fpm and 13 controlled by a clidiug imob (with indicater scale)

- located on the front penel just above the reedboard.

The blower unit consists oi' a l-hp, 3450-rpm, con-
gtant speed motcr with cylindrical blowers comnecied to each end
of the motor slhait. Intake ailr for one blower ic talken from the
roon thirouch a disk-type shutter on the lower Iront panel (hin;;ed
door) and pasced through Pflexible alr ducts to the printer section
where alr under low mrescure is used for coclln;, venillating, and
alr pick-oii at the printin~ ¢;linder (Fig. 3). Intake alr for the
otiier blower iua drawn tixroush the suction tnnii In the printer sec-
tion, thus creating the necessary vacuw:, widle the outlet alr of
vile blower is uged to creeve jwreauure in ihc :¥in oxhaucst outlet
of the mechiine. The blower unit and the drive unit wre wired co
that they my ve oporated Independently orx vhe bDurner and heatuers
to esivect rradual cooldny or the burner, romoval of amwnie furwes
and to prevent the worm belta from sticidng to the printing crlinder.

The clectrical components, mounted in the stand sec-
ticn, conslst of awltch gear, 1 to = step-up wronszormicrd for con-
veriiny line voltage to 220-2hC volts a-c, and 2 reucilve tronsformer

3. wince lhe baslc componencs of the experi:enitnl nodel were adapt-
ed iron a standard corprwrcial macliine which overates iron 220-
2k0 line voltage, a step-up lransformer iu reyuired for their
opcrevion trom a 110-120 linc volua:ce,
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with capacitor for supplying power {o the mercury-vapor lamp in the
mrinter section. The switch pear includes three regnetic sterters,
remotely operated by switches, thermostats, and timer which con-
trols the operation of the burner, various heaters, drive unit, and
blower unit. These starters are equlpped with protective dsvices
replacing the conventional fuse, and thus prevent damage ccused b
an overload. They must be reset ranually i{ inadvertontly over-
loaded. A wiring diagram for the electrical circuits in the mechine
io shown in Appendix D,

A foot pedal, labvelled "Tracing Release" 1s mounted
beneath the feedboard at the base of the rachiine. Ilts operation
releases the tension of the printing belts of the printer section,
The stand sectlon has a hinged door along the front to provide casy
access to the units contained within.

c. Printer Section. The printer section (lower hali of
Fig. 3), designed on the rolling contact orinciple, consists ol
burner assembly, glasa printing cylinder, air piuk-ofi tank, feed
belts, csuction tank, feedboard, ariginal receivin: tray, and vari -
ous attachments for use with roll raterials. The burmer asserbly
consists of a 60-watt-per-inch, dry cathode, hlgh mressure, mer-
cury-vapor lamp iixed to a stalnless steel receptacle, which also
contains an Alzac reflector and a movable light shield. The
burner assembly is supported at each of 1tc ends by the frame of
the machine., Access to the burner is mede through hinged doars
on the upper half of the end cabinets. As required, the burmer
my be removed when tables or other s:rfaces 36 inches high are
placed on both sides of the machine, and thus the gpace adjacent
to the machine can be utilized for tables or cabinets. The entire
burner assembly, including reflector and light shield, 1s mounted
ingide a rotatinf; , polished pyrex glass cylinder, © 1nches in
diemeter and 47+ inches long, with ctainless stoel ferrules on
each end far supporting it on small rollers.

The original copy and sensitized material are
gulded through the printer section by a multiple periorated belt
syoten. The auxiliary belts, driven by a knurled roller, help

ide the mterials from the i‘eeduoard to ihe mwrinting c,,lindor
%uig 3). The origlnal copy and the exposed sensicized material
are removed from the printing cylinder by an autommtic-alr pick-
oif. Air under mressure emerges Ifrom the slotted duct of this
plck-0ii device which runs perallel to the cylinder; thus, the
original end the exposed metorial are lifted irom the printing
cylinder,

The printer section is equipped with a cuction
tank which automntically separates the orisinal and the exposed
mtorial. The exposed meterial ic drawn up azainst the periorated
rrinter belts and conveyed to the developing unit wiille the ariginal
drops by grovity into the receiving tray. Outlets to the suction




tank are equipped with valves which, when closed, let the sensit-
ized material fall into the tray for receiving ariginals.

Supports for the feeding of roll stock are mounted
bencath the feedboerd; a spring-mounted, wire paper cutter ia
located on the feedboard for quickly sovering the desired length
of stock (Fig. 4).

d. Deyeloper Section. The developer section (upper
half of Mg. 3) consists of a developing tank, steel screon, seal-
ing sleeve, heaters, ovaporating trayn, ammonia supply, armonia
feed, and print receiving tray. The developing tank has a per-
forated bottom and 1s fabricated of stainless steel. An endlecs
flexlble stainless steel screen revolves aound the developing
tank. A sealing sleeve which covers the ocreen and is driven in
synclironization with the screen, provenis the escape of ammonia
fumes. The developing tank contains two V-shaped, stainleas steel
amuonia evaporating trays, each having a rod heater to generate
ammonia fumes. Making use of feed pipes, the aqua ammronia 1s
edmitted to the center of the developing trmk. The aqua ammonia
is evaporated as it flows along the trays to the ends of the tank.
The iumes are then superheated by other rod heaters controlled by
a thermostat switch.

The armonia feed is govermed b; two factors; the
speed of the machine and the setting of the ranual armonia supply
indicator knob on the face plate of the machine. The 2-gal.,
cast-aluminum ammonia supply tank contalng a bucket conveyor feed

ystem which supplies liquid exmonia to the trays in the develop-
ing tank. An ammonis storage can, located at the base of the right
end cabinet, is equipped with a special locking-type cap having a
large rubdber stopper which can be expended when placed inside the
can opening. The can 1s connected to the storage tank by a rubber
hose. The ammonia is pumped up the hose by a smmll, manually
operated pump, connected to the can stopper. The cen is held in
place by spring clips having a rolled end which clamps over the
top of the can,

A smell light on the front panel of the rmechine
indicates whon the level of the ammonia 1n the storage tank is
such that refilling 1s required.

e. Attachments., Rewind devices are provided for roll
film and paper operation. Originals and prints, up to 42 inches
wide, may be rewound on hexagon bars driven by single-phase 220-
volt, 60-cycle torque motors. The bLars are mounted 3o as to be
easily removable, one in the ariginal-copy recelving tray and the
other in the print receiving tra;.

There are spindles provided for supply and rewind
spools when serial film and paper rolls oif the same width are used
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(Fig. 4). The spindles which accommodate standard cize aerial
f11m spools are also driven by the above-uentionod torque moiors.

7. Teut rrocedures. All tests and investirsations, except
thoge requiring temperature and humldity control and the investign-
tlon into transportabllity, were conducted in the laboratories of
the Photo-Litho Branch, tropical chamber oxposure (temperature and
humidity control) tests were conducted by the Mitorials Branch.
Transportability tests were conducted in the vicinity of Fort
Belvoir,

The investigations were conducted over a period of 1400
Lours of macliine operation. Observutions were mde during inter-
nlttent mwrocessing runs as well ags during {ull scale production
rwns, The meximm time of continuous operation wac Ob hours; how-
ever, the greater percentage of operating time wus imdo up of 6~
liour periods. During the test period, throe larze production runs
ol 36,000, 35,000, and 4.,900 printe, respectively, wcre recorded.
All types of original copy, such as line-work drawings on peper,
linen and plactic, and continuous-tone film mnterilals, were used.
Sensitized papers and plastics, botu line and conulnuous-tone,
were used as reproduction mediunms.

3. Operational Testis and Regults. The following cub-
paragraphs describe the tests of thwe experimental model and thelir
results with regard to five considerationu: elcctrical character-
istice, printing cylinder suriace lemperature, thermostatic con-
trol for developlng tank heators, electronic speed control, and
offect of troplcal temperature and humidity conditlions on exhauast
tublng.

a. Electrical Characteristics. The purchasc description
stated that the rachine shall operate Irom a 110- to 120-volt, a-c,
50~ to o0=-cycle, single-phase power suppl;, and uthat the total
power consumption (line current) shall not exceed 75 amperes on
sterting and shall not exceed GO amperes during operation.

A recording-type volimeter, an amwter, and a watt-
meter were used to test electrical cliracteriotics., The experi-
rental 1nodel was connected to a 110-120-volt power line. In tie
first test thie machine wao started by operating the mein switch
widch controls all heaters, vlowers, drive moiors, and lamps,

The initiel cirge of cwrrent was found to be in exceos of 100
amperes (scale on armeter tape was callbrated to a mexizum of 100).
The line voltage varled between 108 and 113 volic dixring the test.
Tie line current atter starting with all heaters veried between

03 and G| arpercs, When the jre-set developing tani: terpereiure
was reached, tie superheaters autormtically cut out and the amper-
age tlien varied between 3 and 97. The line cuwrrent reduced to
between 49 and 49 amperes when the txay leators were simut ol by
the action of the autoretic control. The above sivsuing currens
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is 1n excess oi the specified T amperes and the opereating curreut
exceeded the gpecified limit of w0 armperes.

The second test used a two-step starting method by
first operating the swlitch controlling the blowers and drive motor,
and thon 1mwdictely operating the mein gwitch, This method pro-
duced the following reculis: 1nltial current surse was Ob anperes,
dropplng to cpmroximately 20 amperes; operating current after the
main switch wag turned on varied between (3 end & avperes.
Operating current was -educed 5 amperes Ly owitching off an auxiliary
700-watt heater, which iy be independently controlled. A campari-
son of the line cuxrrent dwring the initial swrge ol both methods
of starting 1o shown in Tig. 5.

b. Printing Cylinder Surince T.mperature. The purchase
description stated that the mriunting cylinder torperature shall
not exceed roon teupersture vy more than .U F,

The ends of the printing cylinder are open to allaw
for the dissipetion of heat (generated by the buraing oi the GO-
watt-per-inch, mercury-vapor lamp); this heat 1c drawn oif and
exhausted tc the outside.

Cylinder surfacc temperatures witl relested roon
temperatwros, macline speeds, and hours of operntion recorded dur-
ing three tests are given in detail in Appendix D, Tests of Cylinder
Surface Terperatures. R adings wore taken, approxirately every 30
rmnutes, ucing an Alnor p;rometer, type 4200, with tleruwocouple
4oho, All readings werc rade with the blower vent in the lower
Zront penel oif the muchine open throughout the tects, Measurewents
were taken at tliree points along the cylinder sur.ace: at tlie
center, and apuroximately 6 inches I{rom eacii end. The results ob-
tained sre uresented in Table I,

Toble I. Tests of Cylinder Surface Temperatures

Mechine Room f;‘lin«lor
Test Speed Tenperature Terporature Diiveronce
No. (£pm) (Deg F) (Deg; F) (Doz ¥)
1 15 78 (avg) 137 (avg) 59
2 i 84 (avsz) w7 (avg 03
3 2 to 3¢ s to 76 138 to 1G¥* O to GO
*

Highect cylinder torpernture wes recorded ot lowest wachlne
speed,
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To inorease the cuction in the sucilon tank so thet
slightly cirled sensitlized papers would ve more eiicctively moved
from the printer tc the developer unit, tle mmnufacturer recom-
monded that the Ifront blower vent bo closed. The closing of the
vent 1lmproves the tank suction; however, 1. limits ithe blower
inteke air to that which is incide the machine, Wien the :rcidne
wag operated in thils renper, tihe surface temperature rose to uu-
“ween 1.0 and 190 F, more than 100 degrees above room temperaiure.
At swriace temperatures above 1.0 ¥, it wes noted that {ilm ruterd-
als beceuse oi thelr greatly increased tendency Lo adhere to the
cyldnder, were difficult to remove by the cir plck-oif. A puuwer
of filis and sheets of paper were lost because the eifectiveness
of the air pick-oif was insufficlent to coupletely overcome tihe
Mlm's tendoncy to stick to the cylinder. Consecuently, if one
corner of the film was plcked oif and the other tended to gticx to
the cylinder, the film folded as 1t was delivered to the roceiving
tray. Occasionally, the leading edge of the f11m was picked ofi, -
the remaining portion sticking and causing & -1lm jam between ..o
cylinder, alr pick-orf, and belts.

c. Thermostatic Control (Dexelop ing Tenl neaters) The

purchase description stated that the developer terperature shwll be
controlled by a thermostat. It shall be capable of ueintaining the
temperature indicated et * 20 F,

The experimental model wac orisinally equipped with
a Scaico temperature control No. X109 to provide for the tempera-
turo control oi the developing unit's superheaters. Thnils conirol
and a Weston rod-type thermometer were mounted in the left-end
plate of the developer tank with the elementy extending into the
tank, the control knov and thermometer dlal being vivibvle 1nside
the left end cabinet (Fig. 2).

The procedure for arriving at a desired temperature
ingide tlie developer tank proved to ve a hlt-and-miss proposition
because there were no temperature settings Indicated on the control
dial and 1t was possible to rotate the knob throwsl: a number oi
twrns, there belng no stop on the shaft. In order to attain a
decired temperature, it was necessary to set liie knob at a deiinite
spot on the dial, allow thie rachine to heat until the superheeter:
cut off, and then check the teriperature oy the Weston thermometer.
vhould the actual temperature not be that whizh wee decired, lhe
control knob was then readjusted and after the heaters cut Ou ,
another ilnermometer check was made. This procedure wac repeuted
until the desired temperature wau attained.

An investigation was rmde to Uind e thermostotlc
control tiat could Le set ut a desired teuperuziure, aclieve ti:
temperature, ond retaln the speciiled diiferenticl of ¢ 20 F,

It, wvas also considered advantasreous to have a conircol widch could




1k

ve mounted on tho face of the maclilne in tull view of the opcrator,
The Minneapolis-Honeywell Thermoctat, Model Th1VA wus tected iar
the purpose of glving this control.

The Minneapolis-Honeywell Model TL15A, having o rangce
of 160 to 280 F, together with its monel fittings and element, waa
installed in the opening previously occupied by the original control.
The control unit was temporarily mounied inside the left end cabluet.
The controlled differential of this thermostatr 18 adjusteble Irom
6 to 32 F, at low temperature settings (160 T'); and from 4 to 15 F
at high settings (280 F).

Readings were rmede from the Weston Therroreter each
tine the thermoswitch cut on ar off. The temperature inside the
tank befare the mackine was started was usually below tie range of
the thermometer. The humidity-percentage conirol, governing the
percentage of time the tray heaters are on, was set at 100 per-
cent until the initial warm-up was completed; 1t weo then reduced
to TY ar 50 percent. (Appendix D, Thermostatic Control Tosts.)

Three tests were conducted, two of 3 hours' oyera-
tion, and one of 6 howrs. The temperature setting of tie comn-
troller remained the same throughout each of the three tests. The
settings were 200, 230, and 240 F, The differential scale on the
thermo switch was set a position "B" (apmroximately ¢ 10 F) for
all tests. The initial warm-up period is not included in the
differential calculations. Test No, 1 (200 F setting) reduced a
mgh of 211 F, 11 over; and a low of 139 F, 11 under. The aver-
age differential was 17 F. Test No, 2 (230 F setting) produced a
high of 241 F, 11 over; and a low of 209 F, 21 under. The average
differential was 14.9, Test Lo, 3 (240 F setting) produced a high
of 24l F, 4 over; and a low of 227 F, 13 under. The average
differential was 13.7. All tests produced temperature ranges with-
in the specified * 20 F,

Termperature readings taken intermittently indicate
that the temperature oi the developing tank reaches 240 to 250 F,
after initial warm-up (15- to 30-minute period) without the aild of
the superneaters, if the humldlty percentage conurol (governin.g
percentage of tine ammonia tray heaters function) is maintained at
100 percent. Thus, the thermostatic control of the developlng
itanic tomperature is more or less volded when this control 1s set
at temperatures of 240 F and loas,

d. Electronic Specd Contrgl. The purchase descrip-
tion, regarding the speed control, stipulated that the control
shall be easily adjustable and equipped with a posltive-locking
device.

The spced control potentliometer, mounted on the
front penel of tlhe machine, 1s calltrated on a linear scale iron
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0.56 to 30 fom. The slidin:s lnobd permits instantaneous chenges to
any point along the ccale, Although no manual method of locldng
is provided, the control retalns its set poosition at all times,

Three tests were conducted to determine the accuracy
of the epeed control witl regard to the actual apeed in feet per
minute and the efficiency of the control to mroducc the Sare speed
on repeated settings,

Footage mpasurements were marked off on the auxiliary
belts, wiidch assist in guiding the rmeterials irom the fecdvonrd to
the printing cylinder, end a zero point was established. Actunl
timos were recorded using an Elzin Timer stopwatch. The tive end
distance wag recorded for each setting of the control penel. Table
II vhows the control settings, the belt speeds, the percentege of
error in repeated settings, and the percentage ol error in the
callbration. '

The maximur error in repeated settings was 12.9 per-
cent at 0,660 fpm; the three loweot settings, namely, U.GG, 1, und
2 fpm, produced higher percentage errors then were found in speeds
of 3 fpm and greater. Only one setting, 28 fpm, produced exactly
the came speed 1n all three tests.

e. Effect of Tropical Temperature and Hurddity Condi -
tions on Exhaust Tubing. opecifled, the experimental nodel was
orizinally equipped with ten lengths of flexible tubing (6 tnches 1n

diameter by 2 feet long) for exhausting fumes from the reclino to
the exteriar.

Two sections of the tubing were placed in the FRDL
Tropical Test Chamber to deterrins the eflects of tropical termera-
ture and hunddity conditions., The conditions prevailing ia the
tropical chamber change periodically each dally cycle consisting of
two periods, one having a temperature of 79 F and YD percent humidity,
and the other 35 F temperature and $0 percent humldity.

After 2 weeks' exposure in the chamber, the metal
connecting collars of the tublng began to sihiow glgns oi oxidation
and the outer rubberlike covering of the tube began to blister. The
blistering broke through after 3 weeks' expoaure, causing small
areas oi the outer covering to peel, exposing the cord fabric used
in the favrlcation of the tube. The tubing wos removed aiter 12
woeks' exposure, and the iollowing conditions were notlced: +he
connecting collars wore badly oxidized; the locking straps excepl
for the screws wore not affected; and, although the outer coating
had peeled in a number of placea, there were no actual holes.

9. Reproduction Tests and Rosultas. The purciase descriptiun
stated that{ the nmchinc shall be capeble of printing continuous-tone
photomape and contact wrints, from cut film or aerial roll iiln on
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Table II, Belt Speed versus Indicated Speed of
Electronic Speed Control

Tndicated " Belt Speeds Xrror in Error in

Speed F\ Migut Repeated Calibra-
(Foet per ot o8t est Aver- Settings tion
Minute) 1 2 3 age (7*)1 (%)
.66 0.3 0.28 0.29 0.31 12,9 23.0
1 0.k2 0,38 o0.k2 0,40 5.0 60.0
2 L1300 1.1 1.46 1.39 6.5 31.0
3 2.41 247 2.51 2.46 2.0 18.0
L 3.59 3.49  3.93 3.93 1.7 1.c
5 L.61 4,91 b.46 4,53 1.8 9.4
6 5,36 5.36 5.4 5.37 O 7 10.5
7 6.28 6.26 6.4 6.31 1.4 9.9
8 7.36  7.36 T7.41 T.37 0.5 (.9
9 8.31 8.08 8.31 8.23 1.8 8.6
10 9.61 9,43 9.31 9,45 1.7 5.5
11 10.2% 10.28 10.18 10.23 0.5 7.0
12 11.08 11,01 11,18 11,09 0.8 7.6
13 12,22 12,26 12.19 1z.22 0.3 6.0
1k 13.04 13.29 13.21 13.18 1.0 5.9
19 14,28 1h,15 14,28 14,23 0.6 5.1
16 15,19 15.09 15.18 15.15 0.5 5.3
17 15.94 16,03 16.13 16.03 0.6 5.7
18 16.87 16.98 16.87 16.91 0.4 6.1
19 17.87 18.04 18.09 18,00 0.7 5.3
20 19.35 19,48 19.23 19.35 0.7 3.3
21 19.87 19.93 19.8% 19.88 0.3 5.3
22 20.82 20.75 21.01 20.86 0.7 5.2
23 22,40 21.90 21.90 22.07 1.5 h.o
24 23.56 23.07 23.07 23.23 1.4 3.2
25 24 .27 23.50 23.80 23.86 1.7 4.6
26 25.32 24,60 24,84 24 92 1.6 2
27 26.20 25,51 25.63 25.78 1.6 L.5
28 26,58 26,58 26.56 26,8 0 5.1
29 28.06 27.27 27.bk 27,8y 1.7 4.8
3G 29.41 28.85 28,57 28.94 1.6 3.5

1. Percentage of error of repeated vettings computed by taking the
ratio of the mexirmum deviation to the average recorded belt cpeed
end multiplyiang by 100,

Percontage of error oi calltration computed by taking the ratio
oi the difference between indi.sted speed and average speed Lo
the indicuted epeed and amltiplydng: Ly L.

n
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ctandard Air Force spools, without processing streaks. Protecilive
material for the printing swrfaces shall not be required. It was
stipulated that the maclilne shall be capable of mroducing pocitive
prints irom line tracings or simller transperencios by tho armoniz
process, and that the mechine shall be capable of printing up to
42 inches in width.

Various types of commercially mroduced and lavorator;
samples of cut sheets and rolls of continuous-tone reproduction
mterials were procesced in the mmchine and good quallty prints
were produced with no difiiculty other than that mentioned belew.
The sample rint shown in Fig., O illustrates the resuli of print-
ing from : silver halide f1ln posiilve using Ozalid Dryphoto paper,
Sepda, LOuD,

a. Reproduction from Continucus-tone Cut Film Originals.
Continuous-tone armonia grocescs prints (74,400 measuring ¢ by 103
inches) were produced for the Engineer School during two experi-
rental production runs of 36,200 and 38,200 prints. The iirst run
consisted of 18,100 prints each of two negatives and the second run,
16,100 prints each of two negatives, requiring 68.5 and £3.5 hours
of machine oporation, respectively. Fllm positive urlginals were_
rede from negatives furnished by the School, utilizing the con-
ventional silver halide photographic process. Adjustments of con-
trast and densiiy were incorporated in the exposure and procecs-
ing so as to produce positives which would have cheracteristics
suitable tor printing on Ozalid Dryphoto, sepla paper.

The actual exposure and development of the ammonia
process prints were executed satisfactorily and mroduced final
mrints of good quellty; however, two difficulties were experlienced
during the production runs and at other times when films and continu-
ous-tone papers were uced., High cylinder tomperatures increased
tne lendency of the fi1lm to adhere to the cylinder, thus reducing
the eifectliveness of the alr plck-oif in the romovul of the film and
paper I{rom the cylinder. Occasionally, the {1ilm and paper continued
on axround the cylinder two or more times, deutroying not only the
print involved but any other prints (1n the printer section) which
it might overlap. At other times, only one corner of tuc reterial
would be picked off the cylinder, the rermining portion adhering
to the cylinder., This resulted in a folded film and paper, or a
Jarming of the materials between the cylinder and the alr pick-off,
In elther case, the film and paper were rendered ummsable.

The automatic transpertinz of exposed paper from
the printer to the developer sectlon proved to Le troublesome and
constituted the second diiflculty encountered during the two pro-
duction runs. It was found that unless the paper had 1little or no
curl, the suction of the osuction tank was insufficient to hold the
ontire erea (lead corners dropped downward) of the peper against

the bolis. As the paper moved into the auxiliary belis between
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the mrinter and developer belts, the dropped cormers werc folded,
thus meking the mrint unusable. The use of a roller ag.inst the
rear edge oif the suction tanxk to aid in holding the paper ageinst
the belting proved unsuccessful. In order to eliminate this dif-
ficulty, the suction was cut off (the prints dropping into the tray
with the origin&lﬂ), and the mrints manually fed into the developer
unit. This wrocedure reduced production speed.

This difficulty i1s attributed to the curl of the
Ozalid Dryphoto paper and not necessarily to a deficlency of the
mechine. The curling of the peper also made 1t impossible to
stack prints in the final recelving tray. TIlat (non-curl) papers
and those having very little tendency to curl can be transported
through the machine and stacked without difficultby.

On a third large production run for the Fifth
Army under Project "Oweet Briar" 50 prints each oif 998, 10- by 10-
in. cut 1lm positives were produced on the experimsntal model by
troops of the (56th Engineer Topographic Bettsalion stationed at
The Englneer Center. A total of 45,000 mrints were produced in
153 machine hours. The aerial film in § rolls of various length
we.s received by the ERDL on 20 December 1549 and the mrints were
completed on 30 December 194G, Film positives were mmde by two
teams of three men each, one at ERDL and one at the Army Map
Service, Washington D. C, One film positive was rede ior each
eerial negative, but if this positive was destroyed before 0
irints were completed on the experimental model, a second film
positive was furnished later to complete the prints, This method
was used 80 as to conserve on film and labar in proceasing the
film positives. (On previous productions runs, several positives
oi each original were furnished.) With this procedure, 10 percent
of film positives had to be remmde before 50 prints were completed.
The difficulty; was determined to be at the air-pick-off. As the
rosult of this experience and study subsequently wade on tlhie cause
of {ilm Wwreaknge, adjustmenta of the alr-plcik-ol{ tank were rmde
wialch 1s belleved will reduce iilm breakage to & minimm of per-
haps 1 percent on a simlilar production. The continuous-tone print
paper used on this production was Ozalid, LOKD, Sepia, cut to 10-
by 10-in. size by the manufacturer and furmished in 250-cheet
packeges. The diificulty of curling, as experienced in the two
foruer productlion runs, was not a {actor in this production.

b. Remroduction from Contipuous-tone Roll Film Originals.
The exposure and processing oif rolla of sensitized continuous-tone

papers, ucing roll film positilves as original copy, was accomplished
satisfactorily. The problem of curliug peper encountered in the
use of sheet rmterial 1s eliminated Ly contlnuous mrocessing; how-
ever, unless care is taken 1n feeding the beginning of the rolls
of paper and film into the rmachine and the proper tension 1s applied
to the paper ond tiln ieed spools, the materials will "walk,” and




unsatisfactory mrinting will result.

c. Reproduction from Iine-work Origipals. Satisfactory
?oeitive printe were produced from such originals as line drawings
31

g. 3), films, and typewritten copy on Ozatran (a cormercial
parchment pa.pers , using both cut sheets and roll stock up to 42
inches in width. The difficulties, noted under subpar. 9a, encounter-
od using the continuous-tone reproduction paper did not present them-
selves during the use of line reproduction papers. The feed and take-
up bars operated satisfactorily. It was noted that because the un-
used portions of roll stock on the feed bar is exposed to light and
ammonia fumes, some loss of material occurred.

10. Transportabllity Tegts and Results. The following describes
the transportability tests and results.

a. Truck Mounting end Transporting. Requirements otipu-
late thet the machine shall have a low center of gravity and shall
be readily adaptable to mounting in a van-type truck body as used in
the present mobile mep reproduction train, and/or the mroposed mobile
photomapping train for Corps and Army topographic units.

As a means of determining compliance with the above-
mentioned requiremsnt, the experimental model was menually moved
from the loeding platform of the laboratary over a ramp leading up
to the floar (or bed) of & 23-ton, 6x6, van-type body truck, (The
wrinting cylinder and burner aasembly were removed prior to loading
and unloading operations; however, both units were ln thoir operat-
ing position in the mechkine during the 200-mile road shock teat.)
This operation was performed satisfactorily in splte of a difference
of 15 inches in the levels of the platform and truck bed. With the
experimental model placed parellel to the axles of the truck (F1g. 7) R
mounting was accomplished using the angle plates welded to each car-
ner of the machine and the bed plates bolted to the plankling of the
truck, direcily below the angle plates. This method allows a posi-
tive tie-down of the machine.

The truck was then driven over 200 miles (aee Apven-
dix D for map) of hard surface, dirt, and gravel roads (35 percent
of the route wes over the gravel and dirt roads). Speeds ranging
as high as 30 mph on the rough roads (and higher on the smooth roeda)
vere erployed; however, on some occasions, 1t was necessary to de-
towr because of an impassable route. After this roud test was com-
pleted the machine was returned to the labaratory and unloaded fram
the truck in a manner similar to the loading wrocedure described
above,

The experimental model was ageln loaded menuelly on
a 25-ton, (x6, long-wheel-base truck and then lowered to the ground

using a crane and rope sling (Fig. 3). (Agein, 1t was doemed advis-
able to rerove the printing cylinder and burner assembly prior to
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Fig. 8. Unloading operations after truck transportability test.
Printer-developer being lowered to ground using a crane and rope
sling.
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loading and unloading operations to prevent damege to these partc.)
Although the crane's holsting mechenism slipped and the experi -
mental model dropped from a height of approximately 15 inches onto
the truck floar, when the machine was placed in operation there
were no indications of nechanical dammge.

b. Air Transportability. Tests to deterrdne whether
the machine could be loaded and tramnsported in standard cargo planec
without dismentling mejor parts were not rede., However, the welght
(1605 1b), dimensions (73 by 71} by 47-in.) end cubage (16G cu It)
aro such that it can be carried in Phasc 1 operations.

11. Operational Deficiencies., The operation and tests of the

experimental amonla process minter-doveloper revealed a number
or deficlencies, 108t of which were not serious. A compilation of
these, wilth the ccrrective action taken or needed, 1s given in
Table III,

III., DISCUSSION

12, General. The evaluation of the experimontal ammonia
mocess mrinter-developer as a replacement far the existing,
otandard equipment was consldered with regerd to its capabilities,
perfarmance, and reproduction qualities as coupered to the other
commsrcial models of ammonia mrocess machines,

A gomparison of physical specifications for the experi -
mental model with those of four commercial Ozalid ammonia mroceas
mchines, the Printmaster, the Model B, the Streamliner, and Model
"E 18 shown in Table IV,

The Model E (no longer menufactured) and the Streamliner
are both two-operation machines; that 1s, the mrinting and develop-
ing is not a continuous mrocess. The sensitlized material rust be
ifed manually into the developing unit atfter exposure, With both of
these models, the printing end developing speeds are not synchron-
ized; 1n addition, satisfactory definition cennot be obtained in
contlinuous -tone prints on the Streamliner and printing rmst be
accomplished at onme-third the mmchine speed employed with the ex-
perimentel model. The Printmaster and the Model B are both single-
operation mmchines, having s;nchronized mrinting and developing
speeds. The weight of the Model B is slightly less than the ERDL
experimental model; the “rintmaster weighs almost 50 percent nore
than the experimentel model., Nelther the Printmaster nor the Model
B are sultable for truck mounting vecause of the height of the
rechines. Illone of thece models except the experimenial model in-
clude facllitles for aerial roll-ill. reproduction.
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Table IV. Comparison of Charecteristics of Printer -Developers
Manufactured by Ozalid, Division of General Aulline & Film Corporation

IRDL Fxperi- Print- Strean-
Characteristics mental Model paster Model B liner Model E
Capacity (inches) L2 42 42 4o L2
Printing speed 8 to 360 Up to 360 Up to 300 Up to 12C 2 to 25
(1inches per wdnute)
Developing apeed Synchro- Synchro- Synciro- 60 30

(inches per minute) nized same  nized same nized same
as mrinting as print- ac print-

speed ing speed 1ing speed
Electrical 110 to 120v, 205 to 205 to 205 to Lov, a-y
a-c, GO- 23v, a~q 23v, a-c, 239v, a-c, O0-cycle,
cycle, G0-cycle, 60-cycle, 60O-cycle, single
single phagse single single single phase
phase phase phase
Starting 2-ptep ptart 40 amps 32 amps 30 ampe 12 arps
Current %5 amps © @ 220 v @ 220 v @ 220 v € 110 v
110 v
Operating 2.8 gtart 33.5 amps 20.5 amps 22.5 amps 10.> ampe
Current 05 amps © & 220 v @ 220 v g 220 v 3 110 v
110 v
Width (inches) 73 T4 78 62 56 - 3/8
Helght (inches) 1% 83 19 51 53 - 3/8
Depth with a :
feedboard (inches) W7 68 38 30 19%
et Weight (pounds) 1900 2600 1728 750 k831
Cost (dollars) 20,000,00°  6,965.00  3,890.00 1,4%48.00 Wot known
10,000, 00°

Notes: a This includes casters which extend 6 inches beyond machine
mroper; feedboard overhangs iront castera.

b Eetimated for experimental models,

¢ Estimated for production models.
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The following paragraph discusees the merits of individual
components of the experimental model, which in general, functioned
satisfactarily, having but a few breakdowns, thes greater percentage
of which were repaired by the operators of the machine following
inatructions given in the manual furnished by the manufacturer.

Those imperfections traceable to design will be carrected in future
models. Experience gained in the experimental production runs in-
dicates clearly the advantages this machine hac over the other avail-
able ammonla process equipment with respect to ease of training in-
experienced personnel and rapid production speed.

13. Evalvation of Tests apd Tnvestigations. The following
considerations are covered in tiils evaluation: electrical churacter-
istlcs, mrinting cylinder surfece temperature, thermostatic control,
electronic espeed controcl, exhaust tubing, reproduction of continuous-
tone original copy, remroduction of line-work copy, construction and
transportabllity, and ammonia supply.

a. Electrical Characteristics. An operating curreont of
approximately 65 amperes was determined by teuts to e required.
For this reason, a generator with a larger capacity than the Corps
of Engineers 5-kw Generator Set, Portable, (Stock Wo. 17-54G5.900.000),
mey be required ior the ammonia process van because of the addition-
al power load of other components within ths van.

b. Irinting Cylinder Surface Temperature. Test results
show that the printing cylinder surface temperatures are normally

higher than the 50 F above room temperature, specified in the
procurement description., Tests also disclosed that for production
work involving the use of iilm meterials, the cylinder temperature
should not exceed 150 F. The cooling of the cylinder surface is
dependcnt on room temperature as the air used for this cooling is
drawn into the machine by the front blower. As the room tempera-
ture rises, 1t can be expected that the warmer air will have lesas
coollng effect and the cylinder temperature will also rise. Air
conditioning may be required for operating areas and a room tempera-
ture not exceeding 60 F maintained if film mmterials are to be used.
However, in one production run several thousand satisfactory prints
vere obtalned from film positives when the room temperature was as
high as 100 ¥,

c. Thermostatic Control. The replacement of the
original thermostatic control with the Minncapolis-Honoywell, Model
Th15A, proved satisfactor; for the purpose of controlling the tempera-
ture of the developing tank within the limdtations of * 20 F of pre-
set value.

d. Electronic Speed Control. The mmjor requirement of
the speed control is not thrt the machine run at the speed indicated,
but that i1t acowrately ropeat the same speed on successivo settings.
The present control is considered satisfactory in all settings
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except the three slowest speeds, that is, 0.66, 1 and 2 fpm. Al-
though the 0.66 fpm setting was 12.y percent in error in repeated
settings, the mresent control is satisfactory for mrocessing present
commercial materials. Laboratory samples of new negative-working,
diazotype, intermediate meterials recently tested require slow speed
exposurea, The use of this type material will necessitate rigid
specirications dealing with the accuracy of repeated settings and
linsar scale calibration.

e. IExhaugt Tubes, The exhaust tubing of the machine is
satisfactory except for the coarrosion of metal components. This
should be corrected by the use of a non-corroding alloy for these

parts,
f. Reproduction of Continuous Tome Origicsl Copy. Except

for the difficulties noted under sub . Y&, satisfactory reproduc=-
tion from continuous-tone originals (both cut sheet and rolls) was
accomplished without the use of protective materials. The problem
of unsatisfactory transporting of sensitized paper from printing to
developing units should be corrected by the production of non-
curling papers. The vacuum within the suction tank is sufficient to
satisfactorlly transport flat paper; therefare, the use of papers
which have been treated to counteract the curling would not only
lsad to satisfactory mrocessing, but would result in satisfactory
stacldng and simplify the future handling of the primts. Although
the trangporting and stacking mroblem 1s not mresent in the use of
roll materials, this non-curling treatment would work advantageously
aiter the prints have been cut Irom the roll.

Roll film mrinting was accomplished satisfactorily
and meets the purchase requirement. The quality of each print pro-
duced on roll stock may not be expected to be as good as that of
individually produced mrints, as the exposure (speed) used ior con-
tinuous processing must necessarily be an average for the entire
roll. The speed of the rmchine cannot be adjusted ior each frams of
the roll.

Although satisfactory continuous-tone photographic
prints were mroduced from cut sheet and roll iilm 1t is felt that
the experimental machine is not sultable for the exclusive produc-
tion of continuous-tome roll film work. Any ammonia process equip-
ment to be used exclusively for the production of continuous-tone
mrints in rolls should be the subject of a future investigation
end would be especilelly designed for the purpose.

g. Remroduction of Line-work Copy. The experimental
model machine meets the purchase requirements for produicing prints
equal in quality to those produced on the Printmster Model. How-
ever, & slightly slower machine apeed is required for mroduction
using the experimental model.
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h. Construction and Trapsportability. The general con-
struction of the machine 1s satisfactary; however, any refinements
which have been included purely for beautification of the mechine
should be eliminated. The original electrical switch, gulde knobs,
and doar pulls (made of plastic and easily btroken) should be re-
placed by less fragile units.

Several components, such as take-up bar sockets and
take-up spool spindles on the torque motors show cigns of corrosion
from ammonia fumes which causes difficulty in the replacement and
removal of these parts. Fabrication from stainless steel would
eliminate the carrosion problem.

When mounted in the standard map reproduction van-
type body, the space available around the machine is limited. There
is no access to the end cabinsts or the rear of the machine. If
the machine is mounted parallel to the axles, as it should be far
proper load balance, it will be necessary to provide full-length
access doors in eech side of the van body or mount it in an expans-
ible side van-type body.

1. Ammonia Supply. After apmroximately one month's
operation, the seams of the ammonia supply cans separated; 1in addi-
tion, the cans showed signs of rusting. They were fabhricated from
material too light to withstand the pressure applied by the pump.
The clemping device was found to be unsatisfactory for the purpose.
The rubber stopper began to wear after repeated removals and in-
gertions in the cans and was no longer effective in retaining the
pressure within the can,

It was found that the problem of sultable supply
cans and the need for a pump would be eliminated by feeding the
amnronia directly into the top of the supply tank using a flexible
spout attached to the ariginal ammonia container,

14, Compliance with Military Characteristics. Table V shows

the degree of compliance, of the ammonle process printer-developer,
with the military characteristics specified.

15, S of Modifications Accomplished Rec d.
In any future procurement of an ammonia process ramchine oi the type
tested in this investigation, all of the following modifications
are reyuired:

a. Electrical Switches. All electrical swltches should
be toggle type with plate showing on and oif positions clearly de-
slgnated.

b. Cylinder Surface Temperatures. Cylinder surface
temperatures should be lowered by increased cooling which mey be

accomplished by increasing the amount of air forced through the
rrinting cylinder.
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c. Heater Control. Thermostatic control of superheaters
should be accomplished with a control for directly setting the tempera-
ture, which will have a opecified differential and be visible from the
from of the machine.

d, Metal Components. All metal components should be
treated to give resistance to armonia fumes and corrosion.
o. Loye] Gmuge for Ammonia Supply Tank. The ammonia

supply tank should be equipped with & direct reading level gauge. It
should be located so as to be visible from the front panel of the
machine.

f. loeding of Ammonia Supply Tank. The loading of the
ammonia supply tank should be acoomplished directly from the container
in which the ammonia is furnished, thus eliminating ocupply cans and

bup.

8. Aerial Film Spool Spindles. The aerial film apool
spindles should have rubber cushion strips, and locking device con-
tact pins should have a stop to pmrevent slipping inside the spindle
housing.

h. Coyering for Roll Stock Faper. A means of covering
the supply of roll stock paper mounted below the feedboard should be

accomplished to prevent premature exposure.

i. Racks for Removable Compoments. Racks, containers, ar
locking devices should be provided for all removable components, roll
stock bers, etc.

J. Replacement of Plastic Knobs, All plastic kmobs should
be replaced by & metel or other unbreakeble material to avold loss by

breakage.
k., Auxliery Belting Extension. The eauxiliary belts in

the printing section should be extended, or provided with a combina-
tion light shield and gulde to prevent the exposure of materials be-
fore contacting the cylinder and provide a more satisfactory move-
ment of materials.

1. Developing Tank Seams. All developing tank seams should
beo welded in preference to soldering,

nm, Electronic Speed Cogtrol, The accuracy of the electronic
speed control should Ve immroved to provide the same speed with repeated
settings at an identical position of the indicator for the speed con-
trol.

n, Timer Switch. The timer switch shoud be wired to pro-
vide for the oveﬁ ? The drive wotor, and intake and exhaust
blowers, similtanvously
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o. Suction Tanl:, The suction tank should be of the type
described under Table-£IY, Cylinder Piek-Off, having 3/4-inch open-

ings to efiect a more efﬁcient geparation of original and sensitized
mterial.

p. Blowers. The blowers and commect’ng hose systen
should be modiilod as accomplished by the manufacturer and described
in Table III, C;linder Pick-OLf,

q. Frepe., The frame of the printor-developer should be
riodified to provide for lifting attachments fur rapld engagement oi
crane sling hooks,

r. Ead Calbinets. The doors of the end cabinets should
include positive locking devices to mrevent accidental opening of
the doors because of vibrational causes. This also applies to the
front door of the stand section. In addition, the walls of the end
cabinets should bve given more rigldity in order to meke them with-
stand the shocks of rough hundling. (The framewark should be ex-
tendod and a vertical support incorporated to accomplish this, )

8. Cylinder Romoval. Removal and replaceuent of the
mrinting cylinder was found to be difficult and time consurdng.
Provision should be rmde to allow more slack in the mrinting belts
when released, so that the cylinder can ve removed simply and

aulckly,

16. Standardizetion. After the engineering tests of the amronla
rrocess printer-developer were completed, a directive dated ¢ May
1550, was received from the Clhief of Engineers requesting that ERDL
rrepare a final report on the printer-developer phase of Project
8-35-09-005 and mroceed with the preperation of sultable procurement
gpeci{ications, This directive pointed out that on the basis of
englneering tests and the several production test runs accomplished
by troops, the machine be classified as a Class IV item of issue.
The directive stermed Irom recommendations by Chief, Army Field
Forces, contained in 3rd Ind to Ckhief of Englneers, I'ile ATENG 413.9
(19 Jan “0), dated 9 March 1950, to basic commnication from the
Chief of Englneers to Chief, Army Field Forces, file ENGIE, dated
1Y January 1950, subject: Awmonia Process Equipment Diveloped under
Project £-35-09-005. (See Appendix F)

Since the subject equipment, when modified in accordance
with paregraph 15, meets the requirements of the military character-
istics and because Army Yield Forces have recormended its classifica-
tion as a Class IV item of lssue without further testing, 1t is con-
sldered to be sultable for standardization as adopted type, standard

t7pe.

a. Specifications. Sulteble procurement specliications
for the subJect equlpment are now under preparction by ERDL,
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b. Additional Information Required for Standardization.
Adcutional information reiuired for standardizution together with

the apmroved military characteristica are shown in Appendix E,

17. Operations Persopnel. Operation of the equipment does not
requlre specilalized perconnel.

The instruction manual to be furnished by the manufacturer
with the equipment will contain details of operation and maintenance.
Additional training literature should not be required for macline
operation. Howover, the processing of film positives from aeriel
negatives should be covered by & training publication. A teclinical
report which will include the data that could be used as the basis
for such a publication is now under peperation by the ERDL, Person-
nel tc processg these Iilm positives shiould be sldlled in photozr:.ohy.
A rhotographic Laboratory Technician, MOS (94%) can perform this
task

16. llew Requirements for an Aumonla Process Zrinter -Developer.

Arry Fleld Forces, after an extensive study ol egulpuwent and antici-
pated operationsl requirements, have recentl; submlitted to the Chief
of Engineers military characteristice for, and requested devclopuent
cf, a smaller portable amaonia process printer-developer more adapt-
a.ble for field use then the 42-inch imchine. (Reference Army Field
Force Board lo. 2, Report of Project No, 1h00, Thoto Reproduction
Methodo and Fo: u.igment, February 1950.) Tlis rachine would be de-
slrned specifically for the production of continuous-tone phiotograpiic
printes from aerial roll film. Action hes been initiated by the Culefl
oif Engineers and the Engineer Researci and Development Iaboru.toriec.
for the preparation of necessary revisions to Project 8-35-0y-0u. and
for thelr submission at an early date to the Corps of Englneers
Technical Committee to cover thiis new equipmwnt requirement.

IV, CONCLUSIONG
19. Conclusions. I{ 1g concluded thet:

a, With the modifications accomplished and those recon-
mended undor per. 1), the machine 1s a satlsiactor; replacement for
mresent standard equipment used for the production of line-work
prints, where tlie quantit; of worx necessitates the use of a high
agpeed production machine.

b. The machine is satisfTactory for the production of
continuous -tone prints ifrom cut sheet and aerial roll film, as an
eurlliery feature to the line-work reproduction.

c. By reason of its widti, this maclilne iz not sultable
for the exclusive production of continuous-tone photographlc prints
in rolls,
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d. The machine is suitable for standardization as a
Class IV item of isaue.

e. Further investigntion and development is necessary
to provide ammonia process equipment suitable for the exclusive
moduction of continuous-tone prints from aerial roll films.

V. RECOMMENDATIONS
20, Recompeondations. It i3 recommended that:

a. The experimental armonia process rinter -dsveloper,
modified as noted in par. 15, be classified as adopted type,
standard type, and as a Class IV item of issue.

b. Project 8-35-09-005 be modified to cover the develop-
ment of a special ammonia process mrinter-developer sult.ble for the
exclusive mroduction of continuous-tone mrints irom aerial roll films.
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QUITINEET AND/OR JUSTIPICATION A compact, hghtweight ammcnia process machine
suitable for truck mounting and air transport is required by topagraphic
units-and for general Army use in the reproduction of line tracings and
similar transparencies, In addition improwved diazo papers are rejuired which
f will render the equipment suitable for rapid reproduction ¢f photomaps by the
dry process. This project is necessary tc develop and test new materisl
designed to replace existing types in the near futurs,
P RAIEC 1 OBJECT]
a, REFERENCES
(1) Istter from the President. the Engineer Beoard to the Chief of
Engineers dated 19 August 1944, subject: Quantity Reproducticn of
Photo-Mcsaic Maps and Some Contact Prints by Ammonia Process,
(2) letter from Chief of Engineers to the President. the Engincer Roard
dated 21 July 1945, subject: Ammonia Process, (Work Ordvr Nc. P
1 3300, MPS 409) with 7 indorsements and 2 ccmments,
| b. OBJECTIVE;
; (1) The purpose of this project is to provide a compact. lightweight
ammonia prorcess machine which will be suitable for truck moumting
and air transport, and to develop diazo papers and perfect a pro-
cess which will render the equipment suitable for the reproduction
of pheotomaps and aerial contact prints used as phcotomaps in additicn
to the current normal use of this type of equipment for the praduc-
tion of positave prints from line tracings arnd similar tranzparencies,
¢. MILITARY CHARACTERISTICS:
(1) The machine shall be capable of producing pC\ltl’l" prints from line
tracingg or similar fransparencies vy the ammonia process.
(2) The machine shail be capahle of printing photomaps and contact
prints from cut film or aerial recll film.
(3) The papers or medium used for printing photographiz copy shall be
capatle of faithful rendition of the originzal subject mattsr.
(4) The photographic image, when properly printed and developed. shall
be suffuiciently stable for military field use.
(5) The machine shall be capable of printing up to 40 inches in width.
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c. MILITARY CHARACTERISTICS (Continued):

JDD PORN 1A, 1 APR 1947

(6) The machine shall be as lightweight in design as practicable and yet
shall be sufficiently rugged to withstand military field use. It
shall be resistant to damage from corrosion and fungus attack.

(7) The machine shall have a low center of gravity and shall be readily
adaptable to mounting in a van type truck body of the type used in
the present mobile map reproduction train, and/or the proposed mobile
photomapping train for Corps and Army Topographic Units.

(8) The machine shall be skid mounted for air transport and so designed
that it can be loaded and transported in standard cargo planes without
dismantling major parts.

(9) The machine shall be capable of operation from a 110 volt A.C., 50~
60 cycle power supply.

(10)The equipment shall operate satisfactorily within the extreme range
of climatic conditions from tropic to arctic,

{11)The machine shall be treated for elimination of interference with
radio communication in accordance with applicable Signal Corps
specifications.

DISCUSSION ¢

(1) Reference a (1) reports on a preliminary investigation of the
Engineer Board into the possibilities of reproducing photomaps by
the diazo process.

(2) Reference a (2) directs continuation of the preliminary investigation,
which finally culminated in the establishment of this development
project. This correspondence also indicates coordination with Army
Air Forces and Army Ground Forces prior to formal establishment of
the project and assignment of the approved project to the Engineer
Board for prosecution.

(3) Agencies interested in this project other than tie Office, Chief of
Engineers are Army Air Forces and Army Ground Forces.

. FROJECT PLAN:

(1) Initially stress will be placed on obtaining an improved air and
truck transportable ammonia process machine to perform present
conventional functions of this type equipment,

{2) Zubsequent cdevelopment will provide for the addition of improved
diazc papers to this equipment to allow printing .nd dewveloping of
photographic copy. -~

(3) Equipment and materials will be subjected to engineering tests.

(4) Service tests will be conducted by interested agencies.

(5) Specifications covering the machine and accessories, with recommen-
dations regarding equipment classification action, basis of issue
and existing production facilities will be submitied to the Chief
of Engineers.,
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APPEDIX B
DEFINITION OF TERMS USED IN CONNECTION WITH THE AMMONIA PROCESS

asrial nesptive - A photographic negative which has been exposed
from an aircraft in flight in a camera bullt specially foxr the

purposae.

a g8 - A dlazotype mrocess of direct positive printing
and developing of photographic prints from translucent line
drawings, film positives, and the like; this process employe
paper or other media upon which & diazo compound, a coupler,
and an organic acid are coated together, the latter preventing
premture coupling before development. Exposure is usually
acconmplished by a mercury vapar or other ultraviolet source
of light while development’consiste of passing the exposed
media through ammonia fumes. The dlazotype meterial used with
the armonia process is referred to as the two component type.
(See Ozalid process.)

azo compound - One of a geries of compounds containing nltrogen,
many of which yleld brilliant dyes and lorm part of the basic
structure of light-sensitive coatings for materials; such
materials are then used to produce photographic prints by the
dlezotype process.

continuous-tong - A term designaling an image containing tones of
indefinite variation from white (transpa.rent) through areys, to
black (opaque).

contrast « The inherent characteristic of a photographic material to
adjust or change the dengity difference of the ariginal; thus,
a high contrast photographic paper would increase the density
difference of a negative as exhibited in the print. The in-
herent contrast can be varied between limits by varying the
exposure, development time, or composition of developer. (See
also density.)

cut f1lm - Sheets of photographic film with the bese generally
thicker than that used for roll or pack film,

definition - The distinetness ar clarity of detuil or outline of a
photographic imege.

donoity - A measure of the degree of blackening of an exposed filnm,
plate, or paper after development, or a measure of the direct
image in the case of a print-out material. It 1s defined
strictly as the logarithm of the optlical opecity where tie
opacity 1s the ratio oi the incldent to the transrdtted (or
reflected) lighit. Thus, a medium which trenemits all oi the
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incident light has a density of O, a deposit pasasing 1/10t> of
the incident light has a density of 1, a deposit pessing 1
of the incident light has a density of 2, and the like.

developer - A chemical reagent used in the development of a photog-
raphlic imge,

development - The groduction of a visible imege from an invisible or
latent irmege formed on light-sensitive mterial by exposure.

ddapogitive - An ordinary positive photographic image on a trans-
parent support for viewing by trunsmitted light or m'ojection.

diazg - A prefix indicating the presence of the bivalent - I=sN.
radical.

diezotype - A prefix applied to equipment, meterials, sensitlizers,
end the like wldch 1y be used in producing photograpiic lrageu
ty the diazotype process.

dry-photo - A term applied to continuous-tone diazotype papers re-
quiring dry developrent by armonia fumes.

exposure - The action of submitting any light-sensitive curiaco to
the action of actinic light. In sensitometric work the term
"exposure" means "total light action" rather than "exposure
time"; thus, exposurs mey be defined as the product obtained
by mltiplying the intensity of 1lluminatlion at the senultized
surface by the time during which the surface 13 expoced to
tids illumdination,

illn Spgotg_fz-. aplic) - A thin flexible trensperent sheet of celluloge
nitrate, acetate, or sirilar material widch may be coated with
a light sensitive emmlsion.

fixinz - The process of converting the silver compounds of a photo-
graphic ermlsion, which have not been acted upon by light or
developmont, into soluble compounds that can be removed by
the subgsequent water wash, thus rendering the emulsion wnalter-
able by further action of light.

ilat - Pertaining to photographic images it implies that the image

lacks contragi; little difference 1in denciiy between the
various tones.

ira~e - The depouit of silver or other substance by which a plcture
represeantation oi' the oridnal subject is formed.

intermediate - Any transperent or translucent meterial carrying a
phivtograplidc 1mage, Lho min puarpose oi whidch 13 to aid in the
production ot an enl product, a posltlive photomaphic print, fron
an arl 1l necailve.
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lino drewingp, coples, negatives, etg. - Prawings, coples, etc., tue
image of which consists of lines and lme only two tones, corre-
sponding to black and white; a line negatlve, one havinc only
transparent and opaque aress, no variation of tones.

mpreury-vapor lamp - A quartz tube containing mercury vapor which
produces light ‘oy the passage of electric current, Tie light
glven off by the lamp 1s blue-white in appearance (haraful to

the eyes) and ic lacking in red rajs.

nesative - A photograplidc image which has the lights and shades in
inverse ordor (o those of the original subject.

negative-woridng - A sensitized materisl whicl. remroduces lights
and shades in reverse of those of the original from which the
remroduction 15 made.

ozalld process - A commerclal rocecs utilizing the ammonla procecs
as deflned above.

positive - A rhotographic image having approxi:etely the same rendi-
tion of light and shade as the originel cubject.

positive -worlkdnr - A génsitized muterial which reproduces lights and
slades which are the came as those ol the orisinal from which
the reproduction 13 made.

procecsing machine - An automatic or seml-eutomntic machine, ile
purpose of which is to expose and process photograpilc meterilels.

gsilver helide - A compound of halogen wiith gllver as a bromide or
chloride. Used as e mrefix when referring to equiprent,
mterials, sensitizers, and the like, widch may be used in pro-
ducing photogsraphlc imeges by ilhe convontional photograplilc
process.

tone reproduction - The abllity of a material to reproduce menochrome
tones, or colorus in monochrore, in saticfactory relatlonsidp
with those oi tlie origlnal subject.

translucent - Admlitting passage oi light but dlifusing 1t so chat
objects beyond cannot be clearly distinguished; pertly trans-

parent.
gg.g_s_%gm - A picture on a trensparent or translucent imierial
line tracing, photographilc slides, and the lile).
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APPENDIX

DESCRIPTION OF THE AMMONIA PROCESS AND COMPARISON
WITH THE SILVER HALIDE PROCESS

The ammonia mrocess is one of two diazotype mrocesses now
being used commercially for the remroduction of line drawings. The
dlagotype procesces are based on the light sensitivity of a class of
arganic substances kmown as diagonium compounds. These compounds are
capable of reacting with certain coupling corpounds to farm dyes;
howevexr, this mroperty is destroyed 1f the dlazo substance i3 ex-
posed to light., In the ammonia process, the diazonium compound is
coated onto paper or other suitable support together with the coupler
and a weak acid to pwevent memture coupling. If the coated sup-
port is exposed to light while in contact with a line drawing or
other transparent or translucent original, the diazo compound 1is
destroyed in those areas which receive light, thus preventing the
formation of a dye during development. In those areas wlich have
not received light, the coupling can be made to take place by neuiral -
ization of the aoid component in the coating, thus forming a dye imsge,
This neutralization is accompliched by subritting the exposed nmterial
to an alkaline atmosphere such as that produced by the volatillzation
of liquid ammonia, Becaune of the nature of development of tids tyve
material by ammonia fumes, it is described as & dry process, thus
differentiating from the other commercially used dlazotype process
in which the sensltizer does not contaln the coupling compound and
the formation of the dye is accomplished by applying the coupling
subatance to the surface of the meterial. The diazoiype proceses re-
quiring a liquid developer is described as a semd -wet process. In
both of these diazotype rrocesses the dye imege formed 1s a direct
positive reproduction of the original copy, since tke dye is farmed
only in those areas in which the light-sensitive substance has been
motected from the light rays by the dense areas of the ariginal.

By the use of certain dlazomium compounds which are cap-
able of a gradual destructiom dy llght actlion depending upon the
intensity of the light, thus remroducing tones intermedlate of the
extremees of typical line-work remroduction, 1t is now possible to
produce continuous-tone photographs by the ammonla process,




43
SILVER IALIDE PROCESS AMMONIA PROCESS

Print Materials

Negative-warking. Direct print- Positive-woridng. Direct print-
ing from original negative. Four ipng from a positive. Single con-
to seven diiferent contrasts to trast. DNeltilher darkroom nor saie-
cover a wide range of negative lights are required.

contrasts. Darkroom and safe-

lights are required.

Processing

Exposure, development, rinsing, Expooure and development only. o
fixing, washing, and dr;ing are other processing or drying is re-
required, Single print process- quired. Singlo print processing
ing time (from a film negative), time from an available {ilm posi-
using the fastest commercial tive i3 approx. 1; minutes,
method, 1s approx. | minutes.

Processing Chemicals, Water, etc.

Doveloper. Approx. 1 gallon per Developer. Armonia ', apurox. 1
100, 10" x 10" prints?. gallon per 2500, 10" x 10" printa.

Water. That required for prepara- Water. Nome required.
tion of developer and fixer plus

that needed for washing. Recom-

rmonded wash, a minimum of 20 min-

utes in a flow of water giving a

complete change every few minutes.

Fixcr. When used in larze quan- Fixer, Nome required.
tity, the yield per gallon would

probably be slightly higher than

that ol the developer.

ul pment
Contact printer or other suitable Single automatic machine Ior ex-

method of exposure; trays; and posure and processinz. Floor
sinks, pocsibly temperature con- space, 20 sq ft.

trolled.

Personnel
Highly trained, speclalized No gpeclalized porsonnel required
personnel roguired. . for print production. Truining

for operation of ammenia pmrocess

1. See rhoto-Lubd ludex, Morgan & lestor.
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SILVER HALIDE PROCESS AMMORIA PROCESS

Personnel (Cont)

machine requires only a few days.
(Production of silver positives re-
quires highly trained and special-
ized personnel.)

Print wuality

Vory good. Good definition, Good. Good definition, fair imace

excellent imnge stability, etc. stability, satisfactary for mili-

Sore indication of grain. tary use. No grain other than
that in the ariginal,

Other Factors

Produces a positive mrint Requires the production of a flm

directly from a film negative. positive from & nogative for print-
ing. At prescnt, this positive is
made by the conventlonal silver
halide process,

Posgible to produce prints from Prosent rmterials require posi-
negetives of low, normal, or high tives of a specified contrast ror
contrast by correct selection oif satiafactory reproduction.

raper.

Suumitted 1 January 1550
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TapLeE YI.Tests of Cylinder Surtace Temperature.

CYLINDt:Q_ SLVRFACE

EMPERATLORE TESTS

Ceunpe 5;.\:%‘«:- TempoeraTURZES

HOULURS Ol’! QOO M LEPT END READING CENTER READING RIGH] END READING
OPERATION TEMP & TEMP. Diew * TEMP. DirE* TEMP DFR®
o150 5 130 55 150 56 1 5 5G
0200 15 130 55 =4 57 153 58
0 23%0 17 152 55 1354 57 1355 58
0300 c 17 133 5¢ 135 58 YA 59
oz30 | & 18 \5C 58 V37 59 38 | co
—losco | = 79 | v3¢ | 51 38 | 59 | 140 | <)
7z | osoo0 % 80 128 58 129 50 139 59
- 193320 Q 8o 158 58 139 59 14\ G\
ﬁ (YA oY4] :g 80 139 59 1AO <0 V4 o\
Floezo - 80 158 58 140 <O 140 A
0100 § &0 158 58 \40 <O 14-\ (4
o730 d &\ 139 58 140 59 140 59
0800 8\ 13¢ 58 138 51 138 57
Averaces— Cyhinder 13T /Room T8 /Cylwnder above room D9 ¥
ons 18 151\ 2e) 129 1 130 52
o145 80 134 54 1353 5% 1 B2 52
o % £ 8\ 148 (A | 147 (XA 148 (A §
N oz45 T«E &z 147 cs 145 (A \4¢ cA
0- | 0315 — &% 141 <4 146 [N 141 <4
Zlozas | § 84 | 148 | <4 | 14c | ez | 150 | cc
| 0500 O ac 148 <z \4c <o 153 ¢
Nloszo | & 81 |4 | ¢1 |50 | ¢» | 15D | <
E 0¢00 % 88 195¢ <8 154 A 154 A
ow30 ,5. 88 157 <1 154 <C 157 <9
o730 = 89 151 'y 15¢ &1 115G A
Avegaces - Cylinder 147 /Room 84 /Cylinder above room &3+
10 14 138 c4 142 (N VA2 (R 2
2 74 | 144 70 151 IAf 150 7¢
) 2 T4 138 <4 144 70 140 (A
0 15 1s 140 &5 142 ¢ 14\ A
Z 30 5 142 <1 14-4 <9 \Az % §
- 5 15 | 142 &1 144 <9 144 A=)
8 2 7¢ | 153 17 sc | 80 | 15¢ | &0
- 20 (e A0 <4 143 (A 143 ¢
20 (& 143 < 147 T 147 T

LOYLINDER TEMP MINUS ROOM TEMR
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APPENDIX E

INFORMATION REWUIRED FOR STAHDARDIZATION ’

Information required for classification oi' a new item of equip-
ment is glven below:

1. Approyed Military Cm%mnstics. The apmroved military
characteristics for the Printer-Ueveloper, Ammonia Process, 110 volt,
50-60 cycle, single phase, 42-inch capecity are as follows:

a. The mnchine shall be capable of producing positive
mrints from line tracings ar similar transparencices by the armonia
rocess.

b. The machine shall be capable of printing photomps
and contact prints from cut film or aerial roll film,

¢c. The papers or medium used for printing photographic
copy shall be capable of faithful rendition of the ariginal subject
mbtter.

d. The photographic imege, when properly mrinted and
developed, shall ve suffiiclently stable for mlitery Iileld use.

e. The machine shall be capable of printing up to 40
inches in width. '

f. The machine shall be as lighiwelghi in design as
mracticable and yet shall be sufficlently rugged to withstand mili-
tary field use. It shall be resigtant to damage ironm carrosion and
funcpus attack.

g. The rachine shall have a low center of gravity and
shall ve readily adaptable to mounting in a ven-type truck body of
the type used in the present mobile mep remroduction train, and/or

he proposed mobile photomapping train for Corps and Army Topo-
craphic Units,

ii. The machine shall be skid mounted for alr transport
and so designed that it can be loaded and transported in standard
cargo planes without dismantling major paxrts.

1. The machine shall be capable of operation from a
1106 volt A, C,, 50-G0 cycle powsr supply.

J. The equipment shall operate satisfactorily within
tlie exlrens range oi climatic conditions .rom tropic to arctic.
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k. The machine suall bve treated for elirdination of inter-

ference with radio communication in accordance with applicable Signel
Corps specifications.

2. Digiﬁgﬁ and Weight. Dimensions and weigl:t of the com-
plete Printer-Developer, Ammcnia rrocess, 110 volt, 50-00 cyclse,
oingle phase, L2-inch cepacity are as follows:

a., Dimensions.

73 inches wide, T} inches high, and 47 inches deep.
b. Weight

1835 pounds,

3. Cost to Fa%icate 31252 Unit., Eetimated cost of produc-
tion of one corplete nter Developer, Armonia l'rocesc, 110 volt, 90-
60 cycle, single phase, 42 inch capacity is $20,000.

L, Cost in “uantity Production. Estimeted cost of the Printor-

Developer, Amonla Frocess, 110 volt, 50-G0 cycle, single pinse, 42
inch capacity, in quantlity production of 10 or more is $10,000,

5. FProduction Data., It is estimated that an ectublished
renufacturer cuch as the Ozalid, Diviuion of Generel Aniline and Film
Corporation could iniilate production of the Printer-Develcper,
Ammonis rfrocess, 110 voli, 50-00 cycle, single phase, 42-inch capa-
city, in 90 days and could produce 10 corplete unlic in the next 12
montis chereafter.

6. Overseas Uge. The Printer-Developer, Ammonia Frocess, 110
volt, 50-00 cycle, single phase, 42-inch capacity is satisfactory
from a development point of view {or use overscas,

7. Stendardization and Interchangeablliiy of Fartc. The de-
slgn of the Printer-Developer, Armonia Process, 11C voli, 50-00
cycle, single phase, 42-inch capacity does accomplish the objectives
of maxdmim standardization and interchangseabllity of pexts.

8. Spare Parts List. The following is a list of fircy
echelon spare parts for the Printer-Develover, Ammonia Frocess, 110
volt, 50-60 cycle, single phase, U2-inch capacity:




Itom ‘wantity

Cylinder and Ring Assembly, Pyrex glass, 1
472 in. long by 6 in. diameter for 42-
in. printer-developer, ammonia process

lamp, Fluorescent, 15-watt, l-inch diameter, 2
17 inches long

Tube, Amperite Relay (G. E. No. 115N020K)
Tube, Electronic, Type 5V G
Tube, Thyratron, (G. E., No, GL-3C23)

F e R

Fuse, Cartridge type, 60 ampere capacity
13/16 inch diam, by 3 inches long

Fuge, Cartridge type, 3 ampere capacity, 2
%.inch dia. by 2 inches long (G, E, No. 1454)

Iamp, (for burner assembly), High Pressure 1
Mercury Vapor, 220-volt A.C,, 60-watts per
inch far 42-in., printer-developer, ammonia
process

lamp, indicator, Candelabra base, 6-wvatt, 2
120-volt.
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Engineer Research & Development Labs,
The Engineer Center and Fort Belvoir
Fort Belvoir, Virginia

TECRD TEL
00.1 (8-35-09-005) 20 June 1950
(FROPOSED SET LISTING)
Reproduction Equipment, Ammonia Process,
Continuous-tone, Set No. 7
Unit
of Expend - 8tock
Nomemclature Meoasure able No. Quantity
Ammonia Aqua, Ammonia Hydroxide, 1v. X 51-2456.700.600 140
USF, amonia water, strong solu-
tion 27 to 29 percent at 26°
Baume, T-1b. Jjug, packed 10 to
a woodsn ocase
Film, photographic, cut sheets,
safety base, commercial type
v/antihalation dbacking, blue and
violet semsitive, speed group
12,5, gamma group 1.30 fog not
exceeding 0.12 :
10x12 in., 25 sheets to box bx. X NSN 10
24x30 in., 25 sheets to box bx, X NSK 5
Film, photographioc, roll, safety
base, commercial type with anti-
halation backing, blue and violet
sensitive, speed group 12.5, gamma
group 1.30, fog not exceeding 0.12
9% in. x 150 ft, ro. X NSN 5
Paper, printing, ammonia process,
gelatin coated, contimuocus-tone,
single weight, sepla, in sheets
10x10 in., 100 sheets pk. X NSN 50
24x30 in., 100 sheets Pk, ' X NSN 3
Paper, printing, ssmonia process,
gelatin costed, comtimious-tane,
single weight, sepia, in rolles
in, x 50 yds, ro. X NSN 10
Paper, printing, ammonia process,
rapid speed, 17-1b. weight, dlue,
in rolls
k0 in. x 50 yds. ro, X NSKH 2

lage 1 of 2 pages




(PROPOSED SET LIBTING) 54
Reproductiom Equipment, Ammomia Frocess,
Continuous-tone, Set No. 7 (ocomtinued)

Unit
. of Expend- Stock
Nomsnolature : Measure able No. Quantity
Paper, printing, smmonia process,
rapid speed, 17-1b, weight, blue,
in sheets
24 x 30 in., 100 sheets pk. ' X NEN 10
Paper, printing, asmonia process,
intermediate (translucent), 1lh-1b,
weight, sepia, in rolls
40 in. x 50 yds, ro. X NSN 2
Powder, conditioning, sealing sleeve,
for printer-developer, ammonia pro-
cess, %-pt. can on, X NSN 3
Printer-Developer, Ammonia Frooess,
110 volt, 50-60 cycle, single
. phase, 42-inch capacity ea. 18-5735.200-420 1

Fage 2 of 2 peges
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CORRE>PONDENCE REGARDING CLASSIFICATION OF AMMONIA
PROCESS EJUIPMENT

55




IETARTMENT OF THE ARMY _
OFFICE OF THE CHIEF OF ENGINEERS 56
WASHTNGTON

ENCGIE
19 Januaxry 1950

SUBJECT: Armonia Process Fquipment Developed Under Project 8-35-09-005

TO: Chief, Army Field Forces
Fort Monroe, Virginia

1. Reference is made to the following:

&. Item No, 1086, Corps of Engineers Teclmical Meeting No. 169,
establishing Project No. MP 739 (project number later changed to
8-35-09-005).

) b. Letter from Director of logistics, General Staff, to the
Chief of Engineers, dated 7 February 1949, subject: "Quantity Repro-
duction of Aerial Photographs for Intelligence Use in the Field Armies,”
with inclosed letter from Army Field Forces Board No, 2 to the Chief,
Army Field Forces, dated 12 NRovember 1948, same subject,

2. The scope of the project and possidble applications for equipment
and materials being developed thereunder are discuesed at some length in
the above references,

3. Fngineering tests are nearing completion on an experimental 42-
inch ammonia process printer-developer generally conforming to military
characteristics established by reference la, This particular machine was
developed to fill what were, at the time of initiation of the project, the
following needs:

a. To provide an improved machine to replace the Czalid Mcdel E
in Engineer Set No. 710-010. The Model E was no longer avallable com-

merclally.

. b, To provide a means for experimental testing and further develop-
ing under the same project of materials and processes for photo reproduction
by the ammonia process.

o, It was expected that the new machine might also provide an
interim means to field units for making diazo type prints in quantity if
such & requirement developed,

4, The experimental machine has filled requirement 3b very well amnd
will be retained indefinitely at the Fngineer Research and Development
Laboratories to permit continued use for this purpose, Tt also meets re-
quirement 3a more than adequately from the technical standpoint but pre-
liminary indications are that the special features required to facilitate

cory

S




ENCIE 2
SUBJECT: Ammonia Process Equipment Developed under Projest 8-35-09-005
19 Jan 50

photo reproduction will render such & machine too large and costly to
permit ite issue to all units now 1ssued Set No. 710-010. Also, since
the initiation of the project, an improved commercial machine, the (zalid
"Streamliner,” has become availsble which is suitable replacement for

the Model E for "run-of-the-mill"” reproduction of drawings, etc., and has
currently replaced the Model E in Set No, 710-010, It appears then that
the dest field of application of the newly developed machine now lies in
category 3c; 1.e., to provide selected units with a means for reproducing
conventicnal material at a much higher rate (from three to five times)
than the Streamliner, and in the same machine to provide an interim means
for reproducing aserial photographs by the ammonia process pending further
perfection of materials and processes and development of a special ammocnia
process multiprinter as proposed by Army Field Forces in the inclosure to
reference 1b,

5. Attached for your further information in commection with this
correspondence are:

a. Table showing the general authoriged distribution of Set
No. 710-010, Reproduction Fquipment, Ammonia Process (Inclosure No, 2).

b. Table showing comparative physical and technical features
and capabilities of the Streamliner, the Fxperimental Model, and the
Printmaster; the latter machine being the nearest commercial equivalent
to the Experimental Model (Inclosure No. 3).

c. Date sheet, dated 6 Jmuary 1950, on activities of the Engl-
neer Tesearch and Development Laboratories with respect to Reproduction
of Continuous Tone Fhotographic Prints by means of Diazo Type Materlals,
Attention 1s invited to paregraph 4 of the data sheet indicating resultse
of a recent operational job on which the Experimental model machine and
the 656th Englneer Topographic Battalion were utilized (Inclosure No. 4).

6. Service teat procurement of the new printer-developer, if re-
quired, has been proposed for initiatiom this fiscal year (F, Y, 1950).
However, before presenting this proposal to the Corps of Engineers Techni-
cal Committee, confirmation of the following 18 requested:

a, Army Field Forces' requirement for this particular machine,
A tentative indication of probable distridution within Army Fleld Forces,
i1f the machine should be adopted, would be most helpful,.

b, Army Field Forces' service test requirements, if any, for
the machine, Unit cost in procurement involving only one or two machines
18 estimated at $20,000, An estimated additional $10,000 would be re-
quired to cover cost of ammonis process materials needed for an extended
service test by fleld troops.
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ENGIFE 58
SUBJECT: Ammonia Process Equipment Developed Under Project 8-35-09-005
19 Jan 50

T. An early reply would be required in order to process a servioce
test project through the CETC and initiate service test proourement this
fiscal year.

FOR THE CHIXF CF ENGINEFRS:

/8/ D. G. Hammond

44 Incls D. G. HAMMCID
1, Cy Ttem 1086, CFTC Lt Colonel, Corps of Pngineers
Meeting 169 Chief, Engr Research & Development Div
2. List showing Distribution - Military Operations

of Set T10-010 (dup)
3. Table of comparison of
characteriatice of Stream-
liner, Frintmaster & Exp. Model (dup)
4, raper, dtd 6 Jan 50, on activities of
FRDL with respect to reproduction by
means of Diazotype Materials

ATERG 413.5(19 Jan 50) 1st Ind
Subject: Ammonia Process Ecuipment Developed Under Project 8-35-09-005

Cffice, Chlef, Army Field Forces, Fort Monroce, Virginia 30 January 1950
TO: TFresident, AFF Boaxrd No, 2, Fort Knox, Kentucky

Your comments and recommendations reference paragraph 6 of basioc
correspondence are requested,

FOR THE CHIEF, ARMY FIELD FORCES:

/8/ Weil M. Matzger

4 Incls NEIL M, MATZGER
n/c Lt Col AGD
Asst, Ad). Gen,

AKCE P-1400 (19 Jan %50) 24 Ind
SUBJECT: Ammonia Process Equipment Developed Under Project 8-35-09-005
Army Field Forces Board No. 2, Fort Knox, Kentucky 17 February 1950

TO: Chief, Army Fleld Forces, Fort Monroe, Virginia
ATTENTICN: Assistant Chief for Research and Tievelopment

1. References.




AKCE P-1400 (19 Jan 50) 24 Ind 29
SUBJECT: Ammonia Process EQuipment Developed Under Project 8-35-09-005

s. Ltr, AFF BA No. 2, P-1136, AKCE, 12 Nov 1948, subject:
"Quantity Reproductionaf Aerial Photographs for Intelligence Use in the
Field Armies.”

b. Ltr, R & D Croup, Loglistics Division, General Staff, CS
GLD/F3 062.3, 7 February 1549, to Ch ief of Engineers, subject: "Quantity
Reproduction of Aerial Photographs for Intelligence Use in the Field
Armies," w/l1 inclosure and 7 indorsements.

c. AFF Bd No. 2 Third Partial Report of Projects No. 1146 and
1150, Military Characteristics of Surveying Equipment, Map Makingand
Reproduction Equipment, and Changes to T/0 & E, 13 January 1949.

d. AFF BA No, 2 Report of Project No. 1400, Fhoto Reproduction
Methods and Equipment, 3 February 1950,

e, Department of the Army Field Manual 100-10, Field Service
Regulations, Administrative, September 1949,

2, This board agrees with the atatement in paragraph 4 basic letter
concerning the experimental machine as being "... too large and costly
to permit its issue to all units now issued Set No. 710.010," The replace-
ment of the Ozalid machine Model E in this set by the new Ozalid "Streem-
liner" machine should provide adequate reproduction equipment for all normal
uses of this set,

3. This board believes that the experimental machine developed under
DA Project 8-35-09-005 should be accepted as an item of photographic repro-
duction equipment only for the short term period, since no other satisfactory
mobile equipment is now available, However, immediate proourement of this
item, except in an emergency, is not believed warranted, since it appears
possible to develop within the next 2 years a special ammonia process multi-
printer more suitable for the reproduction of aerial photographs,

4. Militeary characteristics for this special ammonia process multi-
rrinter are included in a recent report prepared by this board (see refer-
ence 1d, above), It should be noted that this board, starting in -November
1948, has consistently recommended the initiation of a separate project for
the development of the diazo process and ammonia process multiprinter (see
reference la, above). Attention 18 called to paragraph 6b, Project No. 1400
(reference 14) which concludes that "the development of this unconventional
dry process (diazo) should be expedited by providing higher priority and
more funds than are presently allotted in order that it may be tested as
soon as possible by Army Fleld Forces." It is believed that every effort
should be made to accomplieh full development of this process and the re-
quired multiprinter equipment during the next 2 years. Development costs
have been estimated at approximately $100,000 (mee paragraph 3 of Lth
indorsement to reference 1b, above).

5. The proposed proourement of the experimental machine for selected
units, as noted in the ccncluding sentence of paragraph 4, basic letter,
18 not oonocurred in. The higher rate in reproducing conventional materials
(line drawings) 1s not believed to bde important enough to warrant the

4




AKCE P-1400 (19 Jan 50) 24 Ind 60
SUBJECT: Ammonia Process Equipment Developed Under Project 8-35-09-005

difference in cost over the commsrcially produced Ozalid Streamliner,
which is now available in Set No. 710,010, Further, there seems to be no
Justification for providing a large and expensive photo processing machine
to other than the one unit assigned the basic mission of reproducing large
quantities of aerial photos for the field army. Any unit having Set No.
T710.010 can print aerial photos in limited quanvities when desired.

6. At presenc writing, this board cannot give definite information
on the number of ammonia process multiprinters required by a field army,
Studies have indicated that a field army will require multiprinting equip-
ment capable of reproducing a maximum of 50,000 photo prints per day from
aerial Tilm exposed by the Alr Force (see reference 1d, above)., At preeent
no requirement can be seen for ammonia process multiprinters outside of
this one company in each field army. It should be noted, however, that the
above excludes the reproduction of aerial photos taken from liaison alrcraft
assigned to the fleld army. The Signal Corps has been assigned this mission
recently (see paragraph 4b(2), reference le, above) and this board has no
information on the process or equipment which they plan to use, Since the
quantities involved in liaison photos normally are much smaeller than thoae
obtained from the Alr Force, it may be presumed that the Signal Corps will
employ the conventional silver halide process and equipment.

7. It is believed that no service tests of the experimental machine
should be conducted for the following reasons:

a. The engineering tests, &s noted in inclosure 4, indicate that
the machine will reproduce satisfactory photo prints in large quantities,
when operated by army enlisted personnel,

b. The cost of procuring a service test model and the recessary
test material, as ncted in the basic letter, are conslidered exceesive in
view of the current economy program, especially for a short term item of
equipment which probably can be replaced within 2 years,

¢. The machine should be standardized for the short term period
based on the results of engineering tests, Procurement should be limited
to emergencles,

8. Tn view of the above this board recommends that:

&, Yo Army Field Forces service tests be conducted with the L2-
inch emmonia process machine developed under DA Project 8-35-09-005,

b. The 42-inch ammonia process machine be standardized as an item
of short term equipment but that no procurement be authorized except in an
emersaency .,

6. Adequate fi:nds be made avallable during the next fiscal year for
expediting the development of an smmonia process photographic multiprinter,

FOR THE VRESIDENT:
/s/ S. G. Brown, Jr.

L Inclse S G. He WM, JU,
n/c 5 It Col, Cav - Executive




ATENG 413.5(19 Jan 50)  3rd Tmd ' 61
Subjeot: Ammonia Process Fquipment Developed Under Project 8-35-09-00%

Office, Chief, Army Field Forces, Fort Monroe, Virginia 9 March 1950

TO: Chief of Engineers, Departmsnt of the Army, Washington 25, D, C.
ATTFNTION: Fngineer Research and Development Division

1. Your attention i1s invited to the preceding indorsement, This
Office concurs, in principle, with the recommendations contained in

paragraph 8,

2. It is belleved that the recent production run of some 50,000
phctographic prints for exercise "Sweetbriar" constitutes an adequate
service test of the 42-inch machine, considering its limited applica-
tion, Accordingly, no AFF service test of this equipment i1s anticl-
pated.

2, The recommendation contained in paragraph 8c of the preceding

-

indorsement 13 belng treated in separate correspondence,
k, Tt is reconmended that:

a. No Army Field Forces service test of the 42-inch machine
developed under the subject project be performed. ‘

b. The 42-inch ammonia process machine be claesified as a
Class IV item of issue,

FOR THE CHIFF, ARMY FIFID FORCES:

/s/ Weil M, Matzger
I Incls NEIL M, MATZGFR
n/c Lt Col AGD
Asst, Ad). Gen,
Copy furnished:
Pres, AFF B4 2




&
SUBRJECT: Ammonia Trocess Equipment Developed under Project 8-35-09-005(1)

TNGIE (19 Jan 50) 4th Ind
Office of the Chief of Engineers, Washington 25, D, C., 9 Mgy 1950
TO: Commanding General, The Engineer Center, Fort Belvoir, Virginia

1. Forwarded inviting attemtion of the Engineer Research and Develop-
ment Laboratories to the recommendations of the Chief, Army Fleld Forces,
in the preceding 3rd Indorsement. This office conocurs in these recommenda-

tions.

2. Unless recommended otherwise by the Fngineer Research and Develop-
ment Laboratories, it is now proposed that the machine be olassified as a
Class IV item of issue on the basis of engineering tests which are under-
atood to be complete, and of the several production test runs which have
been made. The item has been deleted from the Engineer Service Test Procure-
ment Program for F. Y. 1950.

2, Tt is requested that the Encineer Research and Development Labora-
tories prepare their report on this machine in the form of a final report
on thie particular phase of Project 8-35-09-005 and proceed with the pre-
paration of specifications suitable for use in procurement.

BY CPDER OF THE CHIEF OF ENGINEERS:

4 Tnels /8/ D. G. Hammond
1. Cy Ttem 1086, CETC D, G, HAMMCND
Meeting 169 Lt Colonel, Corps of Fngineers
2, List showing Distribution Chief, Engr Research & Development Div
of Set T10-010 Military Operatioms

3. Table of comparison of
characteristica of Streamliner,
Printmaster & Exp. Model

L, Paper, dtd 6 Jan 50, on activities of
FPDL with respect to remroduction by
mesns of Diazotype Materials

TECAC %00.1 5th Tnd
(19 Jan 50)
SUBJECT: Ammonia Process Equipment Developed Under Project 8-35-09-005

12 May 1950
Headquarters, The Fngineer Center & Fort Belvoir, Fort Belvoir, Virginia

TO: Commending Officer, Engineer lNesearch & Development Laboratories,
Fort Belvoir, Virginia

4 Tnels /s/ B
n/e




Authoriged Distridution of

Bet No, 710-01, Reproduction Equipment, Ammonia Procees

T/0&E 5-52
5<55
. 5-166T
5-189
5.250-1
5-312
5-400
5-412
5-6526

T/A 42
5-1600
250-12
20-69
'20-120
250-11
250-1k%
85-5
20-Th
5-1100

Incl 2

Hq & Hq Co., Port Construction and Repair
Topographic Bn, Army

Hq & Hq Co., Engr Survey Bn

Engr Base Chotomapping Co., Fngr Base Topo Bn
Hq & Hq Cc., Fngr Brigade

Hq & Hq Co., Engr Constr Grp

Engr “viation Topo Org

Hq & Hq & Service Co., Engr Aviation Group
Hq & Hq Co., Fngr (Petroleum Prod. Depot)

Coast Artillery School

Camp Gordon Engineer Aviation Unit
Ary FF Bd. No. 2

Joint Mil. Adm. Grp., Thil. Ie
Furopean Command

Army Field Forces Board No. 1

Army Field Forces Board No, L

ORC

Ryukyus Command
Engineer School, Ft Belvoir

63
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APPROVAL OF

Report 117k

Final Report
ENGINEERING TESTE F EXPERIMENTAL
AMONIA PROCESS PRINTER-DEVELOPER

6 July 1950

and

Distribution




ENGINEER RESEARCH AND DEVELOPMENT LABORATORIES
ADDRESS REPLY TO THE ENGINEER CENTER AND FORT BELVOIR

. COMMANDING OFFICER
ENGINKER RESEARCH ANO DEVELOPNENT LASONATORINS FORT BELVOIR, VA.

FORT BELVOIR, VA.

’ 4 SEP 1850
wae TECRD ASI
e e 400,1 (8-36-09-006)

SUBJECT: Transmittal of Report 1174, Final Report, Engineering Tests of
Bxperimental Ammonia Process Printer-Dewveloper

THRU: Commanding General
The BEngineer Center and Fort Belvoir
Fort Belvoir, Virginia

TOs Chief of Engineers
Department of the Army
Washingtom 26, D. C.
‘ ATTENTION: Chief, Engineer Research and Development Divisiom

1. Transmitted herewith is Report 1174, "Final Report, Engineering
Tests of Experimental Ammonis Process Printer-Developer,* dated € July
1960, which was prepared by the Tecimical Staff of the Bngineer Research
and Development Laboratories. This report covers engineering tests coan-
ducted on an experimental 42-inoh ammonia process printer-developer
generally conforming to military characteristiocs established by the
project. '

2. The report concludes that:

&« With the modifications acocomplished and those reccamended
under par. 15 of the report, the machine is a satisfactory replacement
for present standard equipment used for the production of line-work
prints, where the quantity of work necessitates the use of a high speed
production machine.

be The machine is satisfactory for the production of ocontin-
uous-tone prints from cut sheet and aerial roll film, as an auxiliary
feature to the line-work reproductione.

* c. By reason of its width, this machine is not suitable for
the exclusive production of continuous-tome photographie prints in rolls.




TECHED ASI

400,1 (8-35-09-006)

Subject: Tranmmittal of Repert 1174, Final Report, Buginseriang Tests of
Experinental Ammonia Presess Prizter-Develeper

de The machine is suitable for standardisatiom as a Class IV itema
of isswe.

ee Further investigatiom and develepment is necessary to provide
smmonia process equirment suitable for the exolusive produwoction of eamtinuous-
tene prints from aerial rell films.

S¢ The report recommends that:

a¢ The experimental ammonia process primter-develeper, modified
as noted in par. 16 of the report, be classified as adopted type, standard
type, and as & Class IV item of issus.

be Project 8«35-09=005 be modified to cever the develoment of a
special ammonia process printer-develeper suitable for the exclusive produs~
tion of continuous~tone prints frem serial rell films.

4 The report with its oconclusiens and recemmendatioms is approved.

)

2 Imols O« B. BRASLEY
1. Preposed distr list Colemel, CB
(in quint) Commanding

2. Rpt 1174 (in quad)

TECAG 4100-/ ZAZ_ Ind

Hq, The Engr Cen & Ft Belvoir, Ft Belvoir, Va.

5 SEP 1950

¢ of Engrs, DA, Washington 25, D. Ce

> M Nmw




SUBJRCT: Transmittal of Report 1174, Final Report,
Engineering Tests of Experimental Ammonia Process
Printexr-Developer

ENGIE (1 Sep 50) 2nd Ind

Office of the Chief of Emgineers, Washington 25, D. C.,
25 8ep 50

70: Commanding General, The Engineer Center, Fort Belvoir,
Virginis

l. Engineer Research and Development Laboratories
Report No. 1174 and the proposed distribution are approved,
with the exception that the use of the word "exclusive" in
the conclusions and recommendations 1s considered inappropriate
and subject to ambiguous interpretation. However, there is
believed to be complete understanding on this matter between
this office, the Army Field Forces and the Engineer Research
and Development Laboratories, in that the production of
continuous-tone prints vas & secondary requirement of the
printer-developer reported on, wvhereas a unit is nov required
with this as the primary design objective.

2. With regard to the recommendations of the report,
the following action has been taken:

a. Necessary logistical data are being assembled to
classify as standard, Reproduction Equipment, Set No. 7,
Ammonis Process, Continuous-Tone. The printer~developer
described in Report 1174 is the major component of this set.

b. A subcommittee report recommending revision of
Project 8-35-09-005 to cover development of a 22-inch printer-
developer suitable for quantity production of continuous-tone
prints in the field has been submitted to the Corps of Engineers
Technical Committee for oconsideration at an early meeting.

BY ORDER OF THE CHIEF OF ENGINEERS:

1 Incl D. G. HAMMORD
1l. Proposed Lt. Colonel, Corps of Engineers
Distr List Chief, Engr Research & Development Div

(Incl No. 2 w/4d) Militery Operations




Garps of Enginsers

Ch, Eng Ressarch & Bevelapment Div (k)
Ch, Engr Organixation & Training Div (1)
Ch, New York Precwremsnt Office (1)

U. 8. Military Attache, Lomdom (2)
Engineer School Library (1)

Army Field Yarces
Ch, AFF, Engr Seatiom (1)

Prosident, AFF Board No. 1 2_;
President, AFF Board No. 2 (2
President, AFF Board No. 3 13
President, AFF Board No. 4 (1

U. 8. Alr Yorce

CS, DC/S Materiel, Dir of Installations (1)
CS, DO/8 Materiel, Dir of Research & Develop (1)
CS, DC/S Operations, Bir of Intelligence (B
CS, DC/8 Oparations, Dir of Requirements (1)
CG, Air Proving Ground (2)

Alr Proving Ground, Phote Projects Br (1)
Strategle Air Command (1)

A8

CG, Strategic Air Command, Recomnaissance Sec (k)

CG, Continental Alir Coumand (2)

CG, Alr Training Command (1)

CG, AMC, Photo Lab MCREXFL (1)

CG, ANC; Equimment Laboratory (1)

Cmdr, Military Air Transpart Serv (1)
CG, Air University, A-2 Librariamm (1)
CG, Air University, Research Seotion (1)

Bavy

Naval Civil Engineering Laborataries (1)
Naval Photographic Interpretation Center (1)
Hydrographic Office (1)

Special

Asst Chief of Staff, G-k il%
Asst Chief of Staff, G-3 (1
Asst Chief of Staff, G-2 (1
U. 8. Military Academy, Engr Detactment (1)

U. S. Military Academy, Dept of Mil Topo & Graphics (1)

Armed Forces Btaff College, Librarian (1)

Aercnautical Chart Service, Library Beocticm (3)
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